Abstract. The synthesis, sorting and organization of carbon nanotubes are major challenges toward future applications. This chapter reviews recent advances in these topics, addressing both the bulk production and processing of carbon nanotubes, and their organization into ordered structures, such as fibers, and aligned arrays on surfaces. The bulk synthetic methods are reviewed with emphasis on the current advances toward mass production and selective synthesis. New approaches for the sorting of carbon nanotubes by structure and properties are described in the context of the specific physical or chemical interactions at play, and referring to the characterization methods described in the contribution by Jorio et al. Recent advances in the organization of carbon nanotubes into fibers are reviewed, including methods based on spinning from solution, from dry forests, and directly from the gas phase during growth. The organization of carbon nanotubes on surfaces, as a critical prerequisite toward future applications in nanoelectronics, is reviewed with particular emphasis given to the synthesis of both vertically and horizontally aligned arrays. Vertically aligned growth has been recently boosted by the development of highly efficient catalytic processes. Horizontally aligned growth on surfaces can yield a whole new array of carbon-nanotube patterns, with interesting physical properties and potential applications. Different mechanisms of horizontally aligned growth include field-and flow-directed growth, as well as recently developed methods of surface-directed growth on single-crystal substrates by epitaxial approaches. The proposed mechanisms pertinent to each technique are discussed throughout this review, as well as their potential applications and critical aspects toward future progress.
Abstract. The synthesis, sorting and organization of carbon nanotubes are major challenges toward future applications. This chapter reviews recent advances in these topics, addressing both the bulk production and processing of carbon nanotubes, and their organization into ordered structures, such as fibers, and aligned arrays on surfaces. The bulk synthetic methods are reviewed with emphasis on the current advances toward mass production and selective synthesis. New approaches for the sorting of carbon nanotubes by structure and properties are described in the context of the specific physical or chemical interactions at play, and referring to the characterization methods described in the contribution by Jorio et al. Recent advances in the organization of carbon nanotubes into fibers are reviewed, including methods based on spinning from solution, from dry forests, and directly from the gas phase during growth. The organization of carbon nanotubes on surfaces, as a critical prerequisite toward future applications in nanoelectronics, is reviewed with particular emphasis given to the synthesis of both vertically and horizontally aligned arrays. Vertically aligned growth has been recently boosted by the development of highly efficient catalytic processes. Horizontally aligned growth on surfaces can yield a whole new array of carbon-nanotube patterns, with interesting physical properties and potential applications. Different mechanisms of horizontally aligned growth include field-and flow-directed growth, as well as recently developed methods of surface-directed growth on single-crystal substrates by epitaxial approaches. The proposed mechanisms pertinent to each technique are discussed throughout this review, as well as their potential applications and critical aspects toward future progress. It is clear that future developments in nanotube-based science and technology will continue to rely on the further improved highly controlled synthesis of nanotubes. Some of the longstanding problems in the nanotube area are due to the lack of control in the synthesis and chemical processing of SWNTs, in chirality control that determines whether a nanotube is metallic or semiconducting, in diameter control that determines the bandgap of a semiconducting SWNT, and in the placement and orientation control on large substrates that is needed for scalable production of nanotube electronics and other devices. Currently, there are four main challenges in the field of nanotube synthesis: 1. Mass production, i.e., the development of low-cost, large-scale processes for the synthesis of high-quality nanotubes, including SWNTs; 2. Selective production, i.e., control over the structure and electronic properties of the produced nanotubes; 3. Organization, i.e., control over the location and orientation of the produced nanotubes on a flat substrate; and 4. Mechanism, i.e., the development of a thorough understanding of the processes of nanotube growth. For applications such as composites and hydrogen storage, it is desired to obtain high-quality nanotubes at the kilogram or ton level using bulk-growth methods that are simple, efficient and inexpensive. For devices such as nanotube-based electronics, which require highly organized arrays, scaleup will unavoidably rely on self-assembly techniques or controlled growth strategies on surfaces combined with microfabrication techniques. In this review, we present an overview of the current state-of-the-art methods and understanding in the synthesis of carbon nanotubes, following this rational order from bulk production to organized production, namely from methods involving large amounts of material and a low level of organization, to methods yielding higher levels of organization in smaller amounts. Thus, we start with bulk production methods (Sect. 2), with emphasis on mass production and selective synthesis, followed by purification (Sect. 3) and sorting (Sect. 4). Then we describe current methods for the production of nanotubes organized into fibers (Sect. 5) and into vertical and horizontal arrays on surfaces (Sect. 6), the latter representing the highest level of organization. Relevant mechanisms are briefly referred to throughout this re-
